Background: This study aimed to evaluate the prevalence of serum sodium and potassium disorders and assess their effects on mortality rate in hospitalized patients in the ICU and also to identify prognosis and predictors of survival. Materials and Methods: A retrospective case-control study was conducted on 457 hospitalized patients in the ICU of Rasoul-e-Akram Hospital (Tehran, Iran). There were two groups: 239 patients who died in the ICU(cases) and 218 patients who were discharged from the ICU(controls). Normal serum concentrations of sodium and potassium were considered as 135-150 and 3-5.5 mEq/L, respectively. Data were analyzed using Chi square test, Independent t-test, One Way ANOVA, Correlation and Receiver Operating Characteristic (ROC) curve. Results: The mean serum sodium concentration in patients who died and discharged patients was 137.56(SD=8.56) and 137.17(SD=5.11) mEq/L, respectively. Whereas, hyponatremia was significantly more common in expired patients (39.7% vs. 28%, P<0.001). On the other hand, the mean serum potassium concentration in expired and discharged patients was 4.42(SD=0.90) and 4.16(SD=0.59)mEq/L, respectively. Hyperkalemia was significantly more common in expired patients (9.2% vs. 0.9%, P<0.001). There was a significant negative correlation between serum sodium concentration and patient's age (P=0.029, R Spearman = -0.123). In addition, ROC analysis showed that serum potassium concentration could potentially be a predictor of death in ICU patients (P=0.003, Area Under Curve (AUC) = 0.581). Conclusion: Hyponatremia and hyperkalemia are highly prevalent in expired ICU patients which is compatible with the findings of some other studies. Mortality of ICU patients is linked, in greater part, to organ dysfunction, but the severity of serum sodium and potassium disturbances remains a significant predictor of mortality. Thus, correcting electrolyte disturbances in ICU patients is important.
INTRODUCTION
Intensive care unit (ICU) services require expensive technology, and account for as much as 10 percent of all health care costs. The outcome of critically ill patients is therefore of importance not only to the patients and their families, but also to the society. After admission to the ICU, the outcome is dependent upon both the diagnosis and management of the primary illness and, in many cases, the presence or absence of multi-organ involvement (1) .
On the other hand, electrolytes such as potassium, sodium, magnesium, calcium and phosphate play important roles in cellular metabolism and energy TANAFFOS transformation, and in the regulation of cell membrane potentials, especially those of muscle and nerve cells, which demonstrate their important role in the outcome of critically ill patients. Depletion of these electrolytes can induce a wide range of clinical disorders, including neuromuscular dysfunction and severe arrhythmias. The risk for these disorders increases significantly when more than one electrolyte is deficient (2) .
It is well known that hypokalemia can induce cardiac arrhythmias (especially in patients with ischemic heart disease and left ventricular hypertrophy), and that it is associated with other adverse effects such as muscle weakness, rhabdomyolysis, renal failure and hyperglycemia. Additionally, hyperkalemia may cause symptoms such as severe muscle weakness or paralysis and cardiac conduction abnormality which may lead to adverse outcomes in ill ICU patients (3) (4) (5) (6) .
Moreover, hyponatremia is a common electrolyte abnormality in critically ill patients (6) (7) (8) (9) . The risk of hyponatremia among hospitalized patients is influenced by the underlying disease state and clinical circumstances.
The symptoms directly attributable to hyponatremia primarily occur with acute and marked reductions in the plasma sodium concentration and reflect neurologic dysfunction induced by cerebral edema. In this setting, the associated fall in plasma osmolality creates an osmolal gradient that favors water movement into the cells, leading in particular to brain edema (6, 10, 11) . Another sodium disturbance, hypernatremia, is basically a mirror image of hyponatremia (6, (10) (11) (12) Most studies on this subject are focused on the incidence and prevalence of these electrolyte disturbances among ICU patients. Therefore, the aim of this study was to evaluate the prevalence of serum sodium and potassium disorders in order to assess their effects on mortality rate in ICU and identify predictors of prognosis of ICU patients.
MATERIALS AND METHODS
This retrospective case-control study was performed on 457 patients who were hospitalized in the intensive care unit (ICU) of Rasoul-e-Akram Hospital in Tehran, Iran. They were divided into two groups: 239 patients who expired in the ICU (cases) and 218 patients who were discharged from the ICU (controls).
It should be mentioned that, only patients with internal medical problems who were admitted to the medical ICU were studied and patients undergoing nonelective The outcome of patients' admission to the ICU was also derived from their medical records and documents including: death or discharge. test, it was revealed that hyponatremia was significantly more common in expired patients (39.7% vs. 28%, P<0.001). Hypernatremia was also significantly more common in expired patients (6.3% vs. 0.5%, P<0.001).
Qualitative evaluation of serum sodium status in the two groups is illustrated in Figure 1 . showed that hyperkalemia was significantly more common in expired patients (9.2% vs. 0.9%, P<0.001).
Qualitative evaluation of serum potassium status in the two groups is illustrated in Figure 2 . Our study is one of the first to evaluate the effect of this electrolyte disturbance on patients' outcome in the ICU. Although using different reference values, the results of our study also show that hyponatremia (serum sodium level of <135 mEq/L) was significantly more common among ICU-admitted patients who expired.
Previously, the independent effect of hyponatremia was also demonstrated in hospitalized cirrhotic patients, and the authors concluded that it is a significant factor for mortality of cirrhotic patients (19) , similar to what we found in ICU-admitted patients.
This study had some limitations. It was not designed to include details of underlying diseases or patients' medication history but clearly, the inclusion of such information may help to find an explanation for the cause of electrolyte abnormalities in some cases.
Another study showed that the development of hypernatremia is associated with adverse outcomes for patients developing hypernatremia in the ICU and hypernatremia could potentially be used as an indicator of quality of care in the medical ICU (20) . In our study, hypernatremia was also more frequent in ICU-admitted patients who expired; but, it was not as frequent as hyponatremia.
Potassium disturbance is one of the most frequent electrolyte abnormalities encountered in the ICU patients. As individuals obtain potassium from their diet, and because many ICU patients are fasting, hypokalemia is a frequent concern. Moreover, hypokalemia is a multifactorial and usually hospitalacquired condition associated with hyponatremia and In a recent study by Crop et al, from 1,178 patients in whom serum potassium level was measured, 140
patients (12%) with hypokalemia were identified and also 23 patients (16%) developed hyperkalemia (21).
In our study, the mean value of serum potassium level was significantly higher in ICU-admitted patients who died and it was showed that serum potassium concentration could potentially be a predictor of death in ICU patients. Moreover, both hyperkalemia and hypokalemia were more frequently seen in expired patients; although, the difference was more significant for hyperkalemia (9.2% vs. 0.9%) than hypokalemia (4.6% vs. 3.2%).
CONCLUSION
The results of our study show high prevalence of hyponatremia and hyperkalemia in expired ICU patients which is confirmed by some other studies as well.
Mortality of ICU patients is linked, in greater part, to organ dysfunction, but the severity of serum sodium and potassium concentrations remains a significant predictor of mortality. Thus, correcting electrolyte disturbances in ICU patients is a necessity. Repeated electrolyte measurements are recommended after initial correction to ensure appropriate electrolyte supplementation during the patients' ICU admission in order to decrease ICU mortality rate.
